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MEASUREMENT OF EVAPOTRANSPIRATION BY THE 
BOUEN RATIO ENERGY BALAtiCE I1ETHOD 
Joon Kim and Shash~ B. Verma 
Center for Agricultural Meteorology and Climatology, 
University of Nebras~a-Lincoln 
1. Theore~ical Considera~ion: 
1 
The Bowen rati 0 energy balance method has been widely 
used by many researchers to estimate the fluxes of water va-
por and sensible heat between crops and atmosphere. The en-
ergy balance for the crop canopy can be expressed as 
Rn + G + H + LE + PS + M = 0 (1) 
where Rn is net radiation, G is soil surface heat flux, H is 
sensible heat flux and LE is latent heat flux. Energy stored 
ina crop canopy (M) or used in photosynthes i s (PS) can be 
~. 
assumed negligible because of their small size (1-2 ~ of the 
total) . The sign con venti on is such that fluxes toward the 
sur face are pos i ti ve and those away from the sur face are 
negative. Both Rn and G can be measured us i ng 'net rad i om-
eters and soil heat transducers, respectively. 
The flux of sensible heat can be expressed as 
(2) 
where K.... is the turbulent exchange coe f f i c i ent for sens i ble 
heat flux, p is the air density and Cp the specific heat of 
afl',b i ent ai r and (in /oz) is the mean grad i ent 0 f o3.i r tem-
perature. 
The flux of latent heat can be expressed as 
LE = Kw (L€p/P) (oe/oz) (3) 
2 
where Kw is the turbulent exchange coe f f i c i ent for latent 
heat, € is the ratio of the molecular weight of water to the 
molecular weight of dry air (equal to e.622), P is the atmo-
spheric pressure, and (ae/oz) is the mean vapor pressure gra-
dient. 
By assum i ng s i m i lar i ty between the turbulent exchange 
coefficients (K h = Kw) and by using Equations 1, 2 and 3 the 
following relationship is derived: 
- (Rn + G ) 
K = ---------------------------
(L€p/P) (oe/oz) + pCp(oT/oz) 
Ualues of K (= Kh = Kw) can then be substituted into Equa-
tions 2 and 3 to evaluate the fluxes of sensible heat and la-
tent heat. Equation 1 can be rearranged to give 
LE = -(Rn + G)/(l + ft) (5) 
where ft is the Bowen ratio (= H/LE) By assuming Kh = Kw and 
by us i ng Equati ons 2 and 3 the follow i ng soluti on for LE is 
also derived: 
LE = -(Rn + G)/[l + Y (6T/6e)] (6) 
Equati on 6 is the so-called "Bowen Rati 0 
Energy Balance" (BREB) method of estimating LE. 
2. "e~ Radia~ion: 
A. Genera1 aspect: 
Net radiometers are divided into two types: those with 
thin domes and those that have thick domes. ., 
a. Thin Na11 radiometers: The commonly used types are 
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the hemispheric polyethylene dome (or FunK type), which con-
s i sts 0 f .an epoxy wafer contai n i ng an e.ffibedded thermop i le to 
detect the temperature difference ·across the wafer. The sur-
f aces are pai nted flat blacK to absorb about 98 X 0 f the 
short and long wavelength radiation that impinges on the sur-
face. Thin wall (about 0.05 mm) pqlyethlene hemispheric win-
dows protect the upper and lower sur faces from convecti ve 
heat loss. These thin windows require a small positive pres-
sure of dry air to maintain their shape and prevent condensa-
tion. The dry ai r may be suppl i ed by bottled gas, an ai r 
pump, or by periodic manual purging. Examples of these thin 
wall radiometers are Swissteco and C. W. Thornthwaite Associ-
ates. 
b. Thick Na11 radiome~ers: Dr. Leo Fritschen of Univer-
sity of Washington several years ago introduced a thicK 
single dome net radiometer which is designed with a 
sel f-supporti ng dome about 0.25 mm th i cl< . Fr i tschen subse-
quently introduced a double dome net radiometer with a second 
self supporting window, smaller in diameter and thinner (0.05 
mm), to further reduce the convecti ve heat loss from the 
sens i ng sur face. Both of these net radiometers are manufac-
tured by Radiation Energy Balance System (REBS). These 
Fr i tschen type 0 f rad i ometers mai ntai n a dry atmosphere i n-
side the polyethylene domes by arranging the instrument to 
"breathe" through des i ccant mater i al contai ned in the rad i-
ometer support bar. 
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B. Sensor 1oca~ion: 
Net . rad i ometers should be located over the vegetati on 
canopy of interest if the information is to be obtained for 
use in the Bowen rat~o energy balance method. The mounti ng 
apparatus for supporting the net radiometer should be chosen 
as to present a minimum of obstruc~ion to radiant fluxes due 
to shadows. Over surfaces such as grass or alfalfa the 
height of the instrument is not very critical (we suggest 1 m 
above the canopy). However, with row crop spaced at 1 m in-
tervals, the instrument should be located at least 1 m above 
the canopy to be representative of a large area. For widely 
scattered type vegetati on, a higher elevati on is des i rable. 
However, the sensor should be readily accessible for inspec-
tion and maintenance. 
c. Ca1ibra~ion: 
Net rad i ometers can be cal i brated by the shad i rig tech-
nique (see Fritschen and Gay, 1979) and require an additional 
checl< 0 f symmetry. I f the d if ference between the top and 
bottom readi ngs exceed 2 or 3 X, the instrument should be 
corrected. A net radiometer may also be calibrated by com-
paring it to the output of another net radiometer (standard> 
over the same surface. The standard net radiometer should be 
used only for calibration. 
3. Soi1 Hea~ F1ux: 
J 
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A. Genera1 aspect: 
Pro~er evaluation of the soil heat flux at the surface 
is necessary for the evaluation of the flu'xes of sensible and 
latent heat. The soil heat flux not only reduces the amount 
of energy available during the day for partitioning into the 
other fluxes but also alters the phase relation of the 
fluxes. 
Soil heat transducers should not be located close to the 
soil surface because the transducers could impede root devel-
opment and ~ill resist the natural flo~ of moisture that may 
result in an unnaturally dry layer above to the transducer. 
In addition, soil above the transducer may crac~ exposing it 
to direct insolation. Tanner (1960) suggested that the 
transducer be located 5-10 cm belo~ the so i 1 sur face. The 
change in energy storage 0 f the layer 0 f so i 1 above the 
transducer is esti mated from the heat capac i ty equati on and 
supplementary measurements in temperature ~ithin the layer. 
When the soil heat transducer is located at a depth 6z (for 
example, 5 cm) the energy floH at the surface is given by 
(7) 
The fir s t te r m, G 5 i s th e so i 1 he at flux at a 5 c min th i s 
case, and is measured Hi th a heat f lo~ transducer. The sec-
ond term is the change in energy storage above the transducer 
Hhere T is the average soil temperature of the layer and C is 
the heat capacity of the layer. The average soil temperature 
can be measured ~ i th a set 0 f thermocouples installed at 
several depths beloH the soil surface (Le., 1, 10,20,30, 
6 
40, 50 mm) or with a set of platinum resistance thermometers 
(0.2 m long) buried at an angle of about 15 degree at several 
locations. 
The heat capacity of the soil can be estimated from 
(8) 
where X is the volume fraction and C the heat capacity (MJ 
m- 3 K-1) 0 f mineral (m), organ i c matter (0), and water (~~). 
Alternatively, Equation 8 can be rewritten as follows: 
(9) 
where Pb (g cm- 3 ) is the bulk dens i ty 0 f the so i 1 layer, X' 
is the weight fraction and C' is the specific heat capacity 
(J g-1 K-1). 
Since the thermal conductivity of the transducer is not 
the same as that of the soil, the measured soil heat flux 
must be corrected. The correction used is based on the 
theory developed by Philip (1961) where he related the ratio 
of the heat flow through the transducer to the heat flow in 
the soil to the ratio of the thermal conductivity of the 
transducer, j.( T, to thermal conducti vi ty 0 f the so i 1, k s. 
The heat transducers are usually calibrated in a media 
(usually sand or wetted glass beads) having a thermal conduc-
ti v i ty, j.( M, d if ferent from either the transducer or so i 1. 
Therefore, the measured soil heat flux, Os, is corrected us-
ing a ratio of the expressions as follows: 
(10) 
where 1.70 is the constant shape factor for square transducer 
u 
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(1.92 for circular transducer) and L is the side length of 
the transducer, and dis the th i ck ness 0 f the transducer. 
The final equation to calculate surface 'soil heat flux is, 
therefore, 
G0 = G5co~~.ct.d - C az (aT/at) (11) 
The thermal conductivity of the soil, ks, is related to 
soil water content and can be calculated, for example, by an 
expression developed by McInnis (1981) 
ks = 0.64 + 1.63 e~ - 0.505 exp(-17e~2) ( 12) 
where e~ is the gravimetric soil water percentage and the co-
efficients were found for loam soils in Eastern Washington. 
Alternatively, the thermal conductivity of the soil, ks, 
can be obtained by calculating the thermal diffusivity of the 
soil, 0, from the measurement of soil temperature profile: 
o = ks/C or ks = DC ( 13) 
where C (J m- 3 K-1) is the volumetr i c spec if i cheat 0 f the 
soil. 0 can be evaluated as follows: 
(oT /ch) = 0 (a2T /aZ 2): Govern i ng Equati on (14) 
with boundary conditions: 1) T(0,t) = T + T0 sin wt and 2) 
T (00, t) = T. 
T (Z , t) = T + T 0 exp (-Z ./ w/20) sin (wt-Z I w/20) ( 15) 
From Equations 13 and 14: 
o = (w /2) [( Z 2 - Z 1 ) /1 n (A 1 /A 2) J 2 (m 2 sec-i) ( 16) 
where Ai and A2 are the amplitudes at soil depth Z1 and Z2, 
respectively, w = 2u/P, and P is the period of the fundamen-
tal cycle of soil temperature. 
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B. Samp1inQ requirements: 
The number 0 f sampl i ng locati ons requi red var i es with 
the expe'r i mental cond i ti ons. Fewer locati ons are requi red 
under bare soil, uniform dense grass, or other uniform dense 
vegetati on. No general rules are avai lable on the number 0 f 
samples required. However, at least three sample locations 
would be reasonalble number under reasonably homogeneous con-
ditions. 
Installation of heat transducer is briefly described in 
Figure 1. One can prepare a squre hole (10 x 10 x 6 em) next 
to the location where the transducer is placed. MaV. e a sl it 
very carefully from the side at a depth (at which yOU want to 
place the transducer), say 5 em, so that the transducer can 
be inserted from the side with minimum disturbance of the 
soil layer and plant cover above the transducer. The signal 
leads can be arranged to form S-shape to prevent the possible 
penetration of water along the leads. Refill the hole care-
fully and make sure that the soil is as compact as before. 
c. Ca1ibra"tion: 
The heat transducers are usually calibrated at the 
manufacturing factory. There are various methods used to 
calibrate heat flow transducers (i.e., conduction method, 
rOod i ometr i c method>. Readers may re fer Fr i tschen and Ga.y 
(1979) for detailed information. 
'< ) 
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~. Gradien~s of Air Tempera~ure and Vapor pressure: 
A. Genera1 aspec~: 
To measure gradients of dry bulb and wet bulb air tem-
peratures, ceramic wicH psychrometers (Hartman and Gay, 
1 98 1) ar e wid ely us e d . A P s y c h rom e te r i sill us tr ate din 
Figure 2A. The psychrometer . consists of two ventilated ther-
mometers (dry and wet bulbs) and can be disassembled down to 
the bas i c "t-way cross that contai ns the water d i str i buti on 
tee and the fitting that holds the wet bulb. Dry bulb mea.-
sures air temperature directly, while wet bulb, covered with 
a ceramic wicH saturated in distilled water, measures a tem-
perature lowered by an amount determ i ned by the evaporati ve 
cool i ng caused by the sample ai r. Water is evaporated into 
the humid air flowing past the wet blub until equilibrium is 
reached. The temperature 0 f the wet bulb at th i s po i nt is 
Tw, the wet bulb temperature. At equilibrium 
eA = es - AP(T-T w) (17) 
where T and Tw are the dry and wet bulb temperatures (C), P 
is the air pressure, eA is the actual vapor pressure, and es 
is the saturation vapor pressure at Tw. A is a constant of 
proportionality and is slightly dependent on T. A, according 
to Harrison (1965), has a value of 
A = 6.6 x 10-~ <1 + 1.15 X 1'3- 3 Tw) 
when the aspiration rate is sufficiently high. 
( 18) 
The sensitivity of the temperature sensors is quite im-
portant in Bowen ratio energy balance method. The temperature 
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sensors are made of tiny nickle resistance thermometers en-
capsulat~d in stainless steel tubes of 3.175 mm diameter Hith 
th i n Hall s 0 f 8. 1 52 m m th i c k n e S s . These ' nickle-iron resis-
tance elements (RTD: Res i stance Thermometer Dev ice) have an 
output of about 2.7 mU C-1. The Het bulb RTD is covered Hith 
a porous ceramic tube operating under a Hater supply Hith a 
pos i ti ve head. THO precise·ly calibrated ceramic Hick psy-
chrometers are mounted on one mast. The vertical separation 
betHeen the psychrometers is adj ustable (usually 8.9 or 1.8 
m). Each pair of psychrometers is interchanged every 5 min-
utes to minimize the effect of instrument bias. The exchange 
mechan i sm used here has been descr i bed in detai 1 by Gay and 
Fr i tschen (1979). 
B. Fie1d se"tup: 
Before carrying the psychrometer from the lab to the 
field locati on, install the insulated sh i elds on the reser-
vo i r and the asp irati on tube (see Fig. 2M to avo i d damage. 
Use care when sliding the sunshield on/off the aspiration 
tube so as not to damage the external leads of the dry bulb 
RTD. The psychrometers are screHed to the sl i der block s on 
the exchange mast Hith a bolt. To connect the leads, note 
that the retractable cords term i nate ina 4-p i n connector 
attatched to signal leads. Each RTD has a 2-p i n connector; 
the pair of 2-pin RTD connectors from the psychrometers plug 
into the 4-pin connector on the cord, 'using the red and black 
color codes. The connector on the dry bulb element <the 
\ J) 
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hotter one) is coded red, and the wet bulb element (the 
cooler one) is coded black. The fan (or vacuum sweeper) 
should start to draw whenever power is suppl i ed to the con-
troller board. 
waterproo f . In 
The small push-pin connectors are not 
field use, the psychrometer connectors are 
tucked into the short length of 3(4" PUC tubing that serves 
as a rainshield at the rear of the psychrometer (Fig. 2A). 
a. Posi~ioning ~he RTD's: The dry bulb RTD is supported 
by its leads, which s~ould be bent as necessary to center the 
element in the tube. The wet bulb RTD inside the cera.roic 
wick is also supported by its leads which extend for a short 
distance beyond 1/8" stai nless steel support tube (see Fig. 
28). Although this wet bulb design minimizes heat conduction 
down the leads with i n the support tube, the des i gn is very 
fragile, and care must be used whenever the wet bulb RTD is 
removed or replaced. 
b. "e~ bu1b main~enance: The ceramic wick is attatched 
to the Hater distribution tee by a short length of Tygon tub-
ing. This ceramic wick is aerodynamically uni form and has 
consistent porosity. The wick can be removed (or replaced) 
by rotating and pulling (or pushing) using a tissue for 
cleanl i ness. The Hater supply in the reservo i r is usually 
adequate for one week of field operation without refilling. 
Impurities in the water tend to cause the indicated wet bulb 
to be higher than the true wet bulb. For example, a saturated 
solution of NaCl at 20 C on the wet bulb would lower the va-
por pressure 0 f Hater by 25 ::<". Ce-ram i c wick s should be pre-
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pared by cleaning (and brushing, if necessary) in a soap so-
lution and then boiled in a solution containing nitric acid, 
and then stored in clean distilled water (in the refrig-
erator, if possible) to insure adequate cleanliness. If it 
is necessary to remove the wet bulb element, first review the 
components pictured in Fig. 2B. Then unscrew the clamp nut 
on the rear of the psychrometer and gently withdraw the 
stainless steel support tube with clamp nut, washer and rub-
ber gas~et. To replace, gently rotate and insert the element 
into the psychrometer, ta~ing care that the RTD element does 
not jam against the edge of the tee or the ceramic wicK. The 
clamp nut normally needs to be only finger tight to Keep wa-
ter from lea~ing. Be careful during disassemble not to apply 
lateral force to the ceramic wic~; this could damage the wic~ 
or the tube inside that supports the wet bulb RTD. To pre-
vent acc i dents, leave the asp irati on tube on for protecti on 
whenever the wet bulb RTD is in place. 
c. Freezing Heather: 
One difficulty that ceramic wic~s have is that breaK un-
der freezing weather. This problem is solved by using a mix-
ture of ethanol and water. Since ethanol and water have dif-
ferent saturation vapors and different heat of vaporization, 
one would antic ipate that the psychrometric relati on ... ~ould 
have to be modified. A test was conducted to determine the 
di fference in wet bulb temperatures of two precision psy-
chrometers, one with water and the other with ethanol-water. 
The results indicated a wet bulb temperature increase of 
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0.071 C with a 10 ~ mixture of ethanol-water and 0.162 C with 
a 20 ~ m~xture. This resulted in calculated vapor pressure 
increases of 0.011 and 0.20 kPa, respectively. The freezing 
point of a 10 ~ ethanol-water mixture is -5 C and of a 20 ~ 
ethanol-water mixture is -11 C. Using the standard psychro-
metric equation, the calculated ,vapor pressures were in-
creased by 1.6 ~ and 3.7 ~ above that of pure water. It ap-
pears, that for most uses, the standard psychrometric 
equation can be used with ethanol-water mixtures without ap-
preciable erroros. The small errors would not effect gradi-
ent measurements. Field test show no adverse effects when a 
1 0 ~ mix tur e was us e d • The ceramic wick did not break when 
, f) ai r temperature reached -9 C with a 10 ~ ethanol-water m i x-
ture. 
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c. Calibra~ion of psychrome~er: 
A schematic circuit diagram for psychrometer calibration 
is shown in Figure 3. The circuit consists of platinum RTD 
(to estimate temperature), RTD #1 (dry bulb RTD for head #1), 
RTD #2 (wet bulb RTD for head #1), RTD #3 (dry bulb RTD for 
head #2), RTD #4 (wet bulb RTD for head #2), a reference re-
sistance, and a current source. We want to measure the resis-
tance of each RTO (which is a variable resistance depending 
on temperature) and relate it to temperature. Since we ca.n 
measure only the voltage with the data acqui s i ti on system, 
current source 0 f 1 mA is connected in the c i rcui t so that 
the measured output voltage is equivalent to output 
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resistance. However, it is technically difficult to maintain 
the curr~nt precisely at 1 mAo Therefore, a reference resis-
tance (RREF' wh i ch is always constant and not af fected by 
temperature) is added to accurately calculate the changing 
current in the circuit. We now can calculate resistance of 
each RTD (RRTD) from Ohm's law (U [voltage] = I [current] x R 
[resistance]): 
( 19) 
The relationship between RTD resistance and temperature 
is slightly non-linear, and nicely described by a 3rd order 
polynomial. Un i que equati ons, each contai n i ng four coe f f i-
cients, define the relationship for each RTD. 
T = A + B RRTD + C RRTD2 + 0 RRTD 3 (20) 
where Tis the temperature, A, B, C and 0 are coe f f i c i ents . 
Typical values of coefficients are tabulated in Table 1. 
Each nic~el-iron RTD is calibrated in a stirred, 
thermoregulated temperature bath against a platinum resis-
tance thermometer. The RTD's are read with the Net-Pac data 
acqui s i ti on system, us i ng the same constant current source 
with 4-w i re c i rcui t used for read i ng psychrometer RTD' sin 
the fi eld. The platinum resis~ance thermometer is also read 
(as it varies over a range of about 470 to 550 ohms) to cal-
culate precise temperature. The relati onsh i p between tem-
perature and platinum RTD is provided by the factory. Four 
RTD's (one psychrometer at a ti me) are cal i brated at a ti me 
against the platinum RTD. After the bath sta.bilizes at the 
desired temperature, the user start sampling the data in or 
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der voltages from RTD #1, RTD #2, RTD #3, RTD #4, reference 
(current source) voltage, and the voltage of platinum resis-
tance thermometer. Data are taJ.:.en for 5 minutes after the 
stabilization, and this minimizes the effects of temperature 
drift in the bath during the period required for the data ac-
quisition system to scan through the sensors. The bath tem-
perature is then increased, and the sampling is repeated. 
Data are collected at approximately 5 C increments betHeen 0 
and 50 C. THO samples are made at each end of the scale, so 
that a total 0 f 13 samples are used to de fine the coe f f i-
cients of each calibration equation, using the polynomial re-
gression. Although the precision of the calibration is 
excellent, as i nd i cated by the high R2 and 10H mea.n square 
error (MSE) terms in Table 1, accuracy depends on the 
calibration of the platinum RTD. Therefore, the platinum RTD 
should be periodically checJ.:ed (or calibrated) . 
D. Fie1d operation: 
Each psychrometer cons i sts 0 f tHO heads and, thus, 4 
RTDs (1 RTD for dry bulb and 1 RTD for Het bulb for ea.ch 
head) • Therefore, one psychrometer uses up to six channels: 
4 channels for 4 RTDs, 1 channel for reference voltage, and 1 
channel for the position. 
a. Uo1tage output: voltage output from each RTD 
sl i ghtly var i es with each RTD and, in genera.l, ranges from 
650 to 700 mV (:t. 25 mV) This range is a very rough estima-
tion and the output can go beyond this rage in case of ex-
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treme weather cond i ti on. Usually the outputs from the dry 
bulb RTDs ar:-e higher than tho.se from wet bulb RTDs (h i gher 
voltage output means higher temperatu~e (roughly 3 mU = 1 C). 
However, there will be small difference between dry and wet 
bulb RTDs when the humidity is very high (usually early in 
the morning>. Uoltage output frqm the reference channel is 
similar but should be fairly constant. I f th ere fer e nee 
vol tage changes more than ±. 2 mU every 5 minutes, current 
source electronics is not operating properly. Especially, af-
ter the heavy rain, electronic box of psychrometer can be 
e as i 1 y wet an d th e c ire u i tis s h 0 r te d 0 u t . Th i s causes ab-
normally high or low voltage outputs or fluctuations. If 
this happens, open the electronic box and let it dry. Uolt-
age output from the position channel is either close to zero 
or see mU (±. 5e mU) depending on the locations of two heads. 
Every 5 minutes, psychrometer receives a signal from the com-
puter and exchanges the levels. This can be chec~ed by just 
loo~ing at the psychrometer every 5 minutes, or by inspecting 
5 minute computer outputs. 
b. Tes~ run wi~h known resis~ance: The performance of 
the psychrometer c i rcui t can be prec i sely chec~ ed in the 
field using 4 ~nown temperature-independent resistors. Two 
~nown resistors are connected to a 4-pin connector attatched 
to s i g n aIle ad s for e ac h head. Since the resistances are 
~nown, one can chec~ not only the output from each channel, 
but also the computer so ftware for the calculati ons 0 f tem-
perature, vapor pressure, sensible heat flux, and latent heat 
17 
flux. 
c. Check ing f.loN (aspira"tion) ra"te: · The wet bulb tem-
perature is af fected by wi nd movement, espec i ally at lower 
velocities. It also depends on the size and geometry of the 
wet bulb element. The ventilation requirement decreases with 
decreas i ng size 0 f wet bulb, but the max i mum depress i on is 
ach i eved at flow rates in excess 0 f 3 m sec-i. The WMO 
(1971) specifies flow rates must between 4 and 11 m sec-i. 
The flow rate can be checl< ed with a hot-w i re anemometer or 
any other appropr i ate flow probe, inserted in front 0 f the 
dry bulb RTO of each head while the psychrometer is operat-
ing. In relation to this, strong wind (say, greater than 10 
m sec-i), which is blowing directly toward the psychrometer, 
may affect the flow rate (water in the wicl< may not be able 
to I<eep up with evaporation). In this case, yOU may want to 
rotate the mast about 45 to 90 degrees away from the wind di-
rection. Also one sho·uld be care ful not tp have direct 
sunl i ght on the dry or wet bulb RTOs ins i de the inlet tube 
especially in the morning and in the evening. 
18 
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-333.6761 0.813923 ·'.'46~-04 . ' 
-329.6182 0.7'8141 -5.34371.-04 
~324.31'. 0.774688 -4.98337.-04 
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·318.4099 0.152669 -4.67041.-04 
-321.6147 0.793201 -5.24647.-04 
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·326.5829 . 0.783068 -5.0869h-04 -332.0617 0.107960 -5.465221-04 -320.4191 0.76)059 -4.832041-04 
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50 RTDl2i} : -335.1219 0.122376 ·'."9loM-04 2.03256e-01 8 0.99999998 " RTOllQ.:.' -326.679' 0.716~1 ·'.14721.-04 1.790428-07 8 0.99999999 '2 RTD)) 1,'; -329.2956 0.795476 ·'.26662e-04 1.8)68,.-01 8 0.99999999 53 RTDJ»~~ -330.5404 0.799642 ·5.3l210.-04 1.81692e-07 • 0.99999999 54 RTDllS: -321.5500 0.788612 ·'.1626,.-04 1.786~07 8 0.99999996 5' RTDU ... • -316.0920 0.735185 -4.38460.-04 1,41207.-07 8 0.99999997 56 RTD\.U:- -324.4166 0.7"753 -4.9714h-04 1.61751.-07 • 0.99999996 
